Received for publication January 4, 1945 In a recent note on the transfer of red halophilic bacteria from the genus Serratia to the genus Pseudomonas on the basis of their marine origin, their flagellar arrangement, and their physiology, Lochhead (1943) states, "The inclusion of red, pigmented, halophilic bacteria in the genus Pseudomonas naturally requires a corresponding widening of the generic description."
In the current edition of Bergey's Manual (1939) , the genus Pseudomonas comprises "soil and water bacteria, usually producing a water-soluble pigment which diffuses through themediumas a bluish-green or yellowish-green pigment." The enlargement of this genus as suggested by Lochhead is undoubtedly desirable, and the time is perhaps at hand when the genus Pseudomonas can be put on a biochemical basis (at least tentatively) to include a large number of other chromogenic bacteria at present classified in other genera on the basis of pigment color. To continue to classify bacteria mainly by the color of their pigments, without regard to their known or probable chemical constitution, seems as irrational as it would be for a chemist to classify his reagents on the basis of color alone.
The suggested biochemical basis is that members of the genus Pseudomonas should comprise those rod-shaped bacteria which produce either pigments which are phenazine derivatives, regardless of their color, or water-soluble fluorescent pigments, or both. This would require a certain amount of chemical work before a given species is definitively assigned to the genus, but the work would not be unduly onerous since the phenazine pigments (at least those already known) can usually be isolated in pure form without undue difficulty, and the presence of a phenazine nucleus in the molecule demonstrated by destructive distillation with zinc dust. or by other methods of strong reduction. The ultraviolet absorption spectra of the phenazine pigments are also characteristic. The watersoluble fluorescent pigments are readily demonstrated by inspection of the culture concerned. As a tentative basis, rod-shaped bacteria might be 'classed in Pseudomonas if they produce water-soluble pigments of any color, particularly if the pigments vary in color under different conditions of pH and of oxidation and reduction, and can be extracted from alkaline solution with chloroform.
Such an approach would lead to a much more rational classification from a physiological point of view, since the phenazine pigments (and possibly the fluorescent pigments) apparently play a significant part in the life of the bacteria which secrete them, although their exact role is not yet entirely clear. According to Kramer (1935) , McIlwain (1941) , Schoental (1941) , Singh (1942) , and others, the phenazine pigments are of possible functional value in antagonizing the growth of competing organsims. According to Stheeman (1927) Elema (1931) , Friedheim (1931 Friedheim ( , 1932 , Reed and Boyd (1933) , and others, thp phenazine pigments are apparently involved in the oxidation and reduction processes of the bacteria which produce them.
Two pigments of species at present classed as Pseudomonas have been chemically investigated in detail and have proved to be phenazine derivatives. The pigment pyocyanine from Pseudomonas aeruginosa (BaciUus pyocyaneus) is a quinoid complex consisting of two oxidized molecules of 1-hydroxy, 5-hydro, 10-methyl phenazine (Wrede and Strack, 1929) , whereas chlororaphine from Pseudomonas chlororaphis (Bacillus chlororaphis) is a quinhydronelike complex of phenazine-l-carboxamide and dihydrophenazine-1-carboxamide (Kogl and Postowsky, 1930) . In addition, the violet, water-soluble pigmnent of the socalled Chromobacterium iodinum described by Davis (1939) was demonstrated to be 1 2-dihydroxyphenazine-9, 10-di-N-oxide by Clemo and McIlwain (1938) .
Since the pigment is distinctly different from violacein, the water-insoluble pigment of Chromobacterium violaceum (Bacillus violaceus), which appears to be a pyrrole or indigo derivative of high molecular weight (Tobie, 1938) , we have already suggested that C. iodinum be reassigned to the genus Pseudomonas under the name of Pseudomonas clemoi or P. iodina (Tobie, 1939) .
In addition to the bacteria at present classed in Pseudomonas, there is a large number of chromogenic bacteria having pigmnents whose properties strongly suggest that they are or may be phenazine derivatives. Among these are Bacillus polychromogenes (Chamot and Thiry, 1900) , Bacterium (Chromobacterium) viscofucatum (Harrison and Barlow, 1905) , Bacterium coelicolor (Muller, 1908) , Flavobacterium lasseuri (Bacillus le monnieri, Lasseur, 1913) , Serratia anolium (Duran-Reynals and Clausen, 1937), and many others. As rapidly as chemical work demonstrates a phenazine nucleus in the pigment molecule, such organisms should be reassigned to the genus Pseudomonas.
On the other hand, the proposed reclassification would exclude certain bacteria from the genus Pseudomonas. Among these is the so-called Pseudomonas beijerinckii, the insoluble purple pigment of which appears to be the calcium or magnesium salt of tetrahydroxyquinone (Kluyver et al., 1939) . Another is possibly Bacillus indigoferus Voges, studied under the name of Pseudomonas indigofera by Elazari-Volcani (1939) , the water-insoluble, blue pigment of which was found to differ considerably from indigo. Possibly this organism should be retained under the genus Chromobacterium in which it is at present tentatively classified in the Bergey system (1939) . Whenever an organism classed as a Pseudomoras is found to have a nonphenazine or nonfluorescent pigment, it should be placed in a different or even in a new genus. The generic designations Quinobacterium or Phenobacterium might be used for bacteria the pigments of which are quinoid or phenolic respectively.
Organisms of the Pseudomonas fluorescens group (producing water-soluble, greenish, fluorescent pigments) are retained under the genus Pseudomonas in the proposed reclassification, since they are very closely related in cultural characteristics to the organisms producing phenazine pigments. The relationship (if any) between the fluorescent pigments and the phenazine pigments is BIOCHEMICAL BASIS FOR GENUS PSEUDOMONAS still obscure. According to Turfreijer et al. (1938) , the green fluorescent pigment of P. fluorescens has the apparent formula C3sH4,08N7, although the nucleus of the molecule was not determined. Turfitt (1936 Turfitt ( , 1937 presented evidence that the fluorescent pigments of P. aeruginosa, P. Jluorescens var. liquefaciens, and P. fluorescens var. nonliquefaciens may be identical in chemical composition. Many organisms of the present genus Phytomonas (plant pathogens) of the Bergey system closely resemble the Pseudomonas fluorescens group on the production of a green, water-soluble, fluorescent pigment. Since pathogenicity is not a very satisfactory taxonomic criterion, it is suggested that such fluorescent plant pathogens might well be included in the genus Pseudomonas.
SUMMARY
It is suggested that the genus Pseudomonas should comprise those rod-shaped bacteria which produce water-soluble phenazine pigments, regardless of the color of the pigments, or water-soluble, fluorescent pigments, or both. Since these pigments apparently have a significant r6le in the life of the bacteria which secrete them, the proposed classification would be much more rational from a biochemical and physiological point of view. Bacteria producing pigments of a demonstrably different chemical nature should be excluded from the genus Pseudomonas.
